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(54) BRAKING SYSTEM FOR VEHICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a braking system for vehicle, 
which can control the slipping states of driving wheels to appropriate 
states by controlling regenerative braking torque. 

SOLUTION: When a rotating speed Nma of a motor, which drives driving 
wheels is nearly zero and a running speed Vva of a vehicle is not zero 
nor about zero (S4 and S6), it is discriminated that the driving wheels 
turned into locked states and a regenerative braking torque Tm is 
maintained at a lower limit value Tmmin during a setup time tcr (S7-S9). 
After a setup time tcr has elapsed, the torque Tm is returned to an 
upper limit value Tmmax, corresponding to the then brake-pedal 
stepping force (S10) and whether or not the driving wheels are still in 
the locked states is discriminated (S4 and S6). If the driving wheels are 
in a locked states, the torque Tm is again reduced to the lower limit 
value Tmmin. However, when the driving wheels are not in the locked 
states when the setup time has elapsed, the regenerative braking torque 
is maintained at the upper limit value Tmmax. When the driving wheels 
are again turn into the locked states thereafter, the torque Tm is 
reduced again to the lower limit value Tmmin. Therefore, the driving 
wheels can be prevented from being left in the locked states by 
repeating such a control. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The braking system for cars characterized by forming the antilock control unit which controls the slip 
condition of a driving wheel in the proper condition by controlling the regenerative-braking torque added to said 
driving wheel by said regenerative-braking equipment in the braking system for cars which contains the 
regenerative-braking equipment which applies damping torque to a driving wheel by regenerative braking of the 
electric motor which drives the driving wheel of a car. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the braking system for cars which contains the regenerative- 
braking equipment which applies damping torque to a driving wheel by regenerative braking of the electric motor 
which drives the driving wheel of a car. 
[0002] 

[Description of the Prior Art] This kind of braking system for cars is indicated by JP,8-9831 3A The braking 
system for cars of a publication equips this official report also with the fluid pressure brake gear besides 
regenerative-braking equipment. A fluid pressure brake gear is a kind of friction-damping equipment which 
brakes the wheel which forces a friction member on brake body of revolution, adds friction-damping torque to 
brake body of revolution according to the frictional force between both, and is rotated with brake body of 
revolution. In the braking system for these cars, if the slip condition of a wheel will be in the condition which 
needs antilock control at the time of braking, the regenerative-braking torque by regenerative-braking equipment 
will be decreased to 0, and antilock control by fluid pressure control of the brake cylinder of a fluid pressure 
brake gear will be performed. 
[0003] 

[Object of the Invention, a technical-problem solution means, an operation, and effectiveness] However, of 
course, when the braking system for cars is not equipped with friction-damping equipment, even when it has, it 
may be desirable to perform antilock control by control of the regenerative-braking torque added to a driving 
wheel by regenerative-braking equipment. Then, this invention is made considering obtaining the car braking 
system which can perform antilock control by control of regenerative-braking torque as a technical problem, and 
the braking system for cars of following each mode is obtained by this invention. Like a claim, each mode is 
classified into a term, gives a number to each item, and indicates it in the format of quoting the number of other 
terms if needed. This is for making easy some understanding of technical features given in this specification, and 
those combination, and technical features or those combination given in this specification should not be 
interpreted as being limited at the following. 

(1) The braking system for cars characterized by to form the antilock control unit which controls the slip 
condition of a driving wheel in the proper condition by controlling the regenerative-braking torque added to said 
driving wheel by said regenerative-braking equipment in the braking system for cars which contains the 
regenerative-braking equipment which applies damping torque to a driving wheel by regenerative braking of the 
electric motor which drives the driving wheel of a car (claim 1). If the above-mentioned antilock control unit is 
formed in a car braking system, it will become possible to control the slip condition of a driving wheel by control 
of regenerative-braking torque in the proper condition. 

(2) When the condition that the slip condition of said driving wheel needs antilock control is reached in the 
condition that said antilock control unit is adding the greatest regenerative-braking torque which said 
regenerative-braking equipment should add at the time, include a regenerative-braking torque reduction means 
to decrease regenerative-braking torque to minimum braking torque. Braking system for cars given in (1) term. 
Thus, if it is made to decrease regenerative-braking torque to minimum damping torque when the condition that 
the slip condition of a driving wheel needs antilock control is reached, it is avoidable that a driving wheel will be 
in a lock condition or to be maintained at a lock condition. 

(3) (2) said whose minimum damping torque is what is defined beforehand Braking system for cars given in a 
term. Minimum damping torque can also be set [ also setting up as in the following term, and ] as the value of 
0th grade others. 

(4) Said miaimum braking torque is beforehand set to the magnitude to which the slip condition of said driving 
wheel does not reach the condition of needing antilock control also in Hikami. Braking system for cars given in 
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(3) terms. Thus, if minimum bral^^orque is set as the magnitude which JMk not reach the condition that the 
slip condition of said driving whe^meeds antilock control also in Hikami, a^jr condition can be recovered even if 
it is the case where the car is running the road surface of what kind of coefficient of friction, 

(5) (2) in which said antilock control unit includes a minimum damping torque setting means to set up said 
minimum damping torque according to coefficient of friction of the road surface the car is running actually 
Braking system for cars given in a term. The deceleration of the car in the stage when antilock control is 
performed is proportional to coefficient of friction of a road surface. Therefore, based on the deceleration 
acquired considering a minimum damping torque setting means as a differential value of for example, a car travel 
speed, or the deceleration detected by the acceleration sensor, coefficient of friction of a road surface shall be 
presumed and minimum damping torque shall be set up from the minimum damping torque table on which relation 
between coefficient of friction of a road surface and minimum damping torque was table-ized. 

(6) (2) which includes a regenerative-braking torque recovery means make said upper limit damping torque 
recover regenerative-braking torque when the slip condition of said driving wheel reaches a regenerative-braking 
torque increase need condition after said antilock control unit was decreased by said minimum damping torque 
to regenerative-braking torque with said regenerative-braking torque reduction means a term — or — Braking 
system for cars of any one publication of the (5) terms. If a regenerative-braking torque recovery means is 
established, it will be avoided that a slip of a driving wheel is controlled too much, and a slip condition will be 
controlled by the proper condition. 

(7) (1) term said whose proper condition is in the condition which has the slip ratio of said driving wheel within 
proper limits — or — Braking system for cars of any one publication of the (6) terms. When the slip ratio of a 
wheel is in the predetermined range, coefficient of friction of a road surface is most effectively used for braking. 
Therefore, if regenerative-braking torque is controlled so that slip ratio is maintained at the range, a car brake 
stopping distance can be shortened. 

(8) (2) including a feedback control means by which said antilock control unit carries out feedback control of the 
regenerative-braking torque which said regenerative-braking equipment adds to said driving wheel to the 
magnitude which will be in the goal state by which the slip condition of said driving wheel is set up in the field of 
said proper condition Braking system for cars given in a term. Thus, if regenerative-braking torque is controlled 
by the feedback control means in the magnitude which changes continuously substantially, it will become 
possible to control the slip condition of a driving wheel in the condition almost near an ideal. 

(9) Said antilock control unit includes a goal-state setting means to set said goal state as the condition 
according to coefficient of friction of the road surface the car is running actually. Braking system for cars given 
in (8) terms. 

(10) Said proper condition is in the condition which has the slip ratio of said driving wheel within proper limits, 
and said goal state is in the condition that coefficient of friction of the road surface the car is running [ the slip 
ratio of said driving wheel ] actually is the magnitude whose most is made mostly. Braking system for cars given 
in (9) terms. 

(11) Said goal state is defined beforehand. Braking system for cars given in (8) terms. According to this mode, an 
antilock control means with a simple configuration can be acquired. 

(12) The braking system for cars given in (1 1) terms which are in the condition that said goal state serves as 
magnitude as which the slip ratio of said driving wheel was determined beforehand. Coefficient of friction of the 
road surface it is expected to be, for example that the car mainly runs may be set as the magnitude whose most 
is made, and the slip ratio defined beforehand may be set as the magnitude in which the most of coefficient of 
friction of average magnitude is made. 

[0004] 

[Embodiment of the Invention] The braking system for cars which is 1 operation gestalt of this invention is 
shown in drawing 1 . In drawing, a sign 10 shows the electric motor which drives a car. The driving wheel 12 is 
connected to the electric motor 10 through the driving force transport unit. This electric motor 10 is controlled 
by the motor control section 16 through an inverter 14. The car control section 18 is connected to the motor 
control section 16. and the accelerator pedal sensor 20, the brake switch 22. the treading strength sensor 23, 
and the wheel speed sensor 24 are connected to the car control section 18. The accelerator pedal sensor 20 
detects the control input of the accelerator pedal which omits illustration, and a brake switch detects that the 
brake pedal which omits illustration was operated from the discharge location. By the load cell connected to the 
brake pedal, the treading strength sensor 23 detects the treading strength of a brake pedal, and the wheel speed 
sensor 24 detects the rotational speed (peripheral velocity) of a driving wheel 12. The wheel speed sensor which 
detects the rotational speed of other driving wheels which omit illustration, and a coupled driving wheel is also 
connected to the car control section 1 8. 

[0005] The car control section 18 makes a subject the computer equipped with CP, ROM, RAM, and an I/O Port. 
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and emits a control command in thl^Rotor control section 16 based on the^^al from the accelerator pedal 
sensor 20, the brake switch 22. ar^He treading strength sensor 23. This c^^bl command includes the drive 
command which orders it what shoufd be made for an electric motor 10 to generate driving torque, and the 
braking command which orders it what the regenerative-braking torque 12 should be added for to a driving wheel 
12 by regenerative braking. The car control section 18 presumes the travel speed of a car again based on the 
rotational speed of these wheels while calculating the rotational speed of each wheel based on the signal from 
four wheel speed sensors including the wheel speed sensor 24. Since control of these motor control section 16. 
the operation of rotational speed, and presumption of a travel speed are known well, they omit detailed 
explanation. 

[0006] The car control section 18 performs antilock control which controls slip ratio in the proper range by 
controlling regenerative-braking torque, when it is based on the travel speed of a car. and the rotational speed of 
an electric motor 10. the slip ratio of the driving wheel 12 at the time of braking is supervised further and slip 
ratio crosses the proper range. Therefore, the antilock control routine expressed with the flow chart shown in 
drawing 2 is stored in ROM of the above-mentioned computer. PU performs this antilock control routine, using 
RAM. 

[0007] First, in SI, it is in the OFF condition that the accelerator pedal is not stepped on, based on the signal 
from the accelerator pedal sensor 20. and a brake pedal is operated toward an operation location from a 
discharge location, and it is judged whether it changed from the OFF condition to ON condition. If a judgment is 
NO, SI will be repeated and it will wait for treading in of a brake pedal, but if a judgment is YES, it will set to S2 
and the rotational speed Nmi of the electric motor 10 at the, i.e.. treading-in initiation of brake pedal, time will be 
read. It is judged in S2 at the time of this braking initiation whether rotational speed Nmi is more than the setting 
rotational speed Nmr stored in ROM, if a judgment is NO, this Lee Ching's activation will return to SI, but S4 will 
be performed if it is YES. 

[0008] In S4. it is judged whether the rotational speed Nma of the electric motor at the time is 0 substantially. 
Usually, at this time, since it is not 0, a brake pedal is in an OFF condition in S5. or it is judged whether the car 
travel speed Vva at that time is below the setting travel speed Vvr. At this time, since this judgment is also NO. 
return, S4. and S5 are repeated by S4. And if the judgment of S5 serves as YES. it will return to S1. but if the 
judgment of S4 serves as YES before that, in S6. it will be judged whether the car travel speed Vva is 0 
substantially. When a judgment is YES. since the car stopped mostly, and the rotational speed of an electric 
motor 10 was also substantially set to 0, activation of this routine returns to SI, but since it means that the 
driving wheel 12 changed into the lock condition when a judgment is NO, antilock control is started. 
[0009] It sets to S7 and is the regenerative-braking torque Tm of an electric motor 10. It is set as a lower limit 
Tmmin. The command value from the car control section 18 to the motor control section 16 is changed into a 
lower limit Tmmin by it from the upper limit Tmmax which is the regenerative-braking torque corresponding to 
the treading strength detected by the treading strength sensor 23. Then, a timer counter is made to start the 
count-up from 0 in S8, and it waits for progress of the counted value tea of a timer counter exceeding the 
****** counted value tcr in S9, i.e., the setup time. If the setup time passes, it will be the regenerative-braking 
torque Tm of an electric motor 10. It is returned to a upper limit Tmmax, activation of this routine returns to S4, 
and above-mentioned control is repeated henceforth. And if the judgment of S5 or S6 is soon set to YES, 
antilock control of as opposed to return and one braking actuation in activation of this routine will be completed 
to SI. 

[0010] In antilock control according to this routine so that clearly from the above explanation If a driving wheel 
12 will be in a lock condition, it will be the regenerative-braking torque Tm. If it is judged whether a driving wheel 
12 is in a lock condition and it is in a lock condition after decreasing to a lower limit Tmmin and being maintained 
at the lower limit Tmmin between the setup times Although the regenerative-braking torque Tm is again 
decreased to a lower limit Tmmin. if it will be in a lock condition, it will be the regenerative-braking torque Tm. It 
is maintained at a upper limit Tmmax. and when it changes into a lock condition again, it decreases to a lower 
limit Tmmin. Namely, regenerative-braking torque Tm A command value is switched to a lower limit Tmmin and a 
upper limit Tmmax by turns, and it is avoided that a driving wheel 12 becomes being in a lock condition with as 
by it. 

[0011] In addition, in the above-mentioned antilock control routine, the judgment of whether it replaces with the 
judgment of the need for S4 and the antilock control by S6. and the slip ratio calculated based on the rotational 
speed of a driving wheel 12 and the travel speed of a car exceeds setting upper limit slip ratio is able to be made 
to be performed. Moreover, they are between the setup times and the regenerative-braking torque Tm by S8 
and S9. When it judges whether the slip ratio of a driving wheel 12 is less than setting minimum slip ratio and a 
judgment is set to YES instead of making it maintained at a lower limit Tmmin, it is the regenerative-braking 
torque Tm. It can be returned to the upper-limit upper limit Tmmax. 
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[0012] Furthermore, it replaces the judgment of whether the car tra^^eed in the judgment of S5 is about 
0, and the judgment of whether ^Pactual damping torque in an electric nl^p- 10 was set to about 0 can be 
performed. Furthermore, this invention can be carried out with the gestalt which performed various modification 
and amelioration based on this contractor's knowledge, including the gestalt indicated by the term of the above 
[Object of the Invention, a technical-problem solution means, and effectiveness]. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the braking system for cars which is 1 operation gestalt of this 
invention. 

[Drawinis: 21 It is the flow chart which shows the antilock control routine stored in ROM of the computer of the 
above-mentioned braking system for cars. 
[Description of Notations] 

10: Electric motor 12: Driving wheel 14: Inverter 16: Motor control section 18: Car control section 20: 
Accelerator pedal sensor 22: Brake switch 23: Treading strength sensor 24: Wheel speed sensor 



[Translation done.] 
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